Quantifying biotic responses to landscape transformation is a major research focus. Most past 2 studies have explored co-occurrence of entire communities of a given group (e.g. birds) 3 within largely intact ecosystems or over a limited time-frame. By contrast, here we use data 4 from a 15-year experimental study, to explore intra-guild co-occurrence of six closely-related 5 and functionally-similar sets of birds within 55 woodland fragments. Areas surrounding these 6 remnants are undergoing transformation from grazed paddocks to Pinus radiata plantations, 7 leading to a novel assemblage of forest and woodland birds. We sought to determine if the 8 occurrence of a given species in a guild influenced the occurrence of other closely-related 9 species in that guild, and through this relationship whether there was evidence of co-10 occurrence between species. 11
INTRODUCTION 28
The occurrence of species in human-modified landscapes can be influenced by an array 29 of factors (Zuidema et al. 1996) , many of which can be intimately inter-related (Lindenmayer 30 and Fischer 2006) . These include habitat loss (Fahrig 2003) , habitat fragmentation (Collinge 31 2009), temporal changes in habitat suitability (Felton et al. 2003) , the size of remaining 32 patches of habitat (Hanski 1994) , edge effects (Ries et al. 2004 ), the condition of and changes 33 in the matrix surrounding habitat patches (Driscoll et al. 2013) , and altered key ecosystem 34 processes (Galetti et al. 2013) . However, most studies of co-occurrence focus on entire communities of a given group of 41 organisms (e.g. birds or mammals), have not taken place in landscapes undergoing rapid 42 transformation, and/or are conducted either at one point in time or over a limited time-frame 43 (2-3 years) (but see Heske et al. 1994 , Sebastian-Gonzalez et al. 2012 ). Here we take a 44 different approach by exploring the tendency of two species to occur together (or apart), after 45 controlling for other factors that affect the occurrence of the species. We do this using 46 systematic bird surveys from a 15 year observational study in a rapidly transforming 47 9 was placed closer than 100m to the second station. In the few instances where a portion of the 153 station's 50m radius was not confined within the woodland patch, our field protocols 154 restricted the recording of birds to only those within the patch (i.e. not in the adjacent pine 155 plantation). We completed field surveys in early November of the following years-1999, 156 2001, 2003, 2005, 2007, 2009 , and 2011. Early November is the peak breeding season in the 157 study region, when summer migrants are present and birds have established territories and 158 exhibit strong patterns of site fidelity (Lindenmayer et al. 2008 ). Detections were made 159 between 5.30-9.30am and were not undertaken on days of poor weather (rain, high wind, fog 160 or heavy cloud cover). The order in which particular sites were surveyed on any given day 161 was varied so that if birds were sampled, for example, late in the morning on a site on one 162 day, that site was surveyed early in a subsequent survey. 163
Bird observers with a minimum of ten years of experience completed surveys of forest 164 and woodland birds. These observers varied in their ability to detect some groups of birds but 165 Lindenmayer et al. (2009) showed that pooling counts of two or more observers at the same 166 plot point could compensate for extra variability due to observer heterogeneity. The 15 167 species we investigated in this study were readily recognizable taxa with distinctive calls. 168
Moreover, we were familiar with them from many previous studies in a range of 169 environments in south-eastern Australia (Lindenmayer et al. 2009 ). We therefore assumed 170 that mis-identification was low for the species in the six guilds included in this study. 171
Bird guilds 172
We selected six groups of birds for study using three key criteria. First, the members of 173 a group were closely related -almost always congeneric, always from the same family, and 174 always from the same dietary guild (see Appendix 1). Birds in the same group also were 175 similar in body size. Second, the six groups represented different foraging guilds, diets, 176 breeding strategies and other life history attributes. Therefore, our analyses enabled us to10 determine if patterns of co-occurrence were consistent across groupings. A third criterion for 178 selection was that at least one member of a given set of birds was a woodland or open-179 country species, whereas one or more of the others was a forest-associated species This 180 enabled us to explore whether there was avoidance by woodland-associated taxa of forest 181 birds in the respective groups of birds as the pine plantation stands surrounding the woodland 182 patches matured. 183
Bird data used in statistical analyses 184
We obtained bird species presence/absence data by pooling the six point-interval counts per 185 site for each survey year. We also examined a recording frequency index which was the 186 proportion of plots (out of a maximum of six in any given survey year) at which a given 187 species was recorded. 188
We made comparisons of bird taxa only within groups of similar species so the 189 interpretation of the recording frequency was the same for each species in a given group. 190
Finally, we used the same field methodology through time so the comparisons within groups 191 of similar species were meaningful. 192
Statistical analyses 193
We conducted our statistical analyses in a series of steps. The two-part modelling approach allows for over-dispersion and both parts of the model 212 allow for serial dependence by including the lagged value of the response as an explanatory 213 variable. The lagged value is the response recorded in the previous survey two years before-214 lagged presence for the first part of the model and lagged recording frequency for the second 215 part of the model. We used a lagged value of two years to account for the fact that our field 216 surveys were conducted two years apart. 217
A number of factors can influence species response in a complex, fragmented 218 agricultural environment. To more clearly identify the role that fellow-guild member species 219 may play in species occurrence (and through this, co-occurrence), it was advantageous to 220 include some key environmental covariates in the analysis. We fitted four types of two-part 221 binomial models which differed in their complexity or number of covariates. 222
(1) The base model included the lagged value of the response, guild member predictor 223 species, years since planting, and log patch size. The idea was that the potential explanatory 224 variables for guild member species captured positive (or negative) co-occurrence with a 225 positive coefficient (or a negative coefficient) and the years since planting captured change 226 through time as the Radiata Pine plantation surrounding the woodland patches matured. With 227 respect to the guild member predictor species term in the model, species presence is used for 228 the first (occurrence) part of the model and the recording frequency is used for the second, 229 conditional recording frequency stage. For all models, the focus was on the occurrence part of 230 the model but we also were interested to see if the conditional recording frequency revealed 231 any patterns among the species. 232 For the univariate two-part models, we interpreted co-occurrence as significant 249 coefficients in paired sets of regressions within a set of guild models. For example, within a 250 guild, species B and C may have a positive effect on the probability of occurrence of the 251 response, species A. In a second, corresponding model, the probability of occurrence for 252 13 species B may be positively influenced by species A but not species C (viz: an absence of co-253 occurrence). Here, we interpret this complementary result as evidence that species A and B 254 co-occur. The models will have one less predictor species than there are guild members: for a 255 guild with two members like the rosellas, there will be one predictor species and for the four-256 member thornbill guild there will be three predictor species in each model. We note that the 257 second, conditional recording frequency part of the two-part model may also provide 258 evidence of co-occurrence under this interpretation, where a matching or reciprocal 259 relationship in regression coefficients is present. 260
The log patch size variable and vegetation type were of interest because occurrence and 261 recording frequency may depend on the size and dominant vegetation of a patch. As is usual 262 in transition models for longitudinal data, the lagged response variable was intended to 263 capture serial dependence and was not of interest in its own right. We examined spatial 264 dependence among sites for each response variable using variograms of the Pearson residuals 265 from each of the logistic regression models. 266
In the Bayesian multivariate logistic regression analysis, we modelled the joint 267 probability of occurrence of each species in a given guild. 
RESULTS

278
We summarize our data on the number of woodland patches occupied by each of the 15 279 species in the six guilds in each survey year in Table 1 . These data highlight marked 280 interspecific differences and temporal changes in the number of occupied patches. Our 281 graphical approach revealed patterns in occurrence and recording frequency between species 282 within a guild. For example, there was increasing recording frequency of the Brown 283
Thornbill with increasing time since planting with some evidence that the rate or magnitude 284 of increase may differ among vegetation types. The frequency of recording of the Yellow-285 rumped Thornbill appeared to decrease with increasing time since planting (Appendix 3). 286
The use of BIC to select from our four main groups of models resulted in the base 287 model being preferred in all but a few cases (see Appendix 4A). The results of univariate 288 two-part modelling provided evidence for positive co-occurrence in five pairs of species, 289 negative co-occurrence in one pair of species, and an absence of (positive or negative) co-290 occurrence patterns in seven pairs of species. Positive co-occurrence occurred among 291 members of three guilds -the rosellas, flycatchers, and thornbills. Conversely, we found 292 evidence of negative co-occurrence among two members of the flycatcher guild. There was 293 no discernible pattern of (positive or negative) co-occurrence for the two members of the 294 treecreeper group, nor for the two members of the whistler group. 295
Rosellas 296
For the rosellas, the presence/absence component of the two-part model contained 297 evidence of co-occurrence (Fig. 2) , and the probability of occurrence of the Eastern Rosella 298 decreased with years since planting (p=0.019, Fig. 2 ). For the Eastern Rosella, we identified 299 an interaction between log patch size and recording frequency of the guild member species 300 the Crimson Rosella (p<0.002); as the recording frequency of the Crimson Rosella increased, 301 the conditional recording frequency of the Eastern Rosellas fell for small patches but 302 increased in larger patches. 303
Flycatchers 304
In the flycatcher group, the Willie Wagtail and the Restless Flycatcher exhibited 305 positive patterns of co-occurrence while the Willie Wagtail and the Grey Fantail showed 306 negative co-occurrence (Fig. 3) . 307
Thornbills 308
From the presence/absence component of the two-part models, we inferred patterns of 309 co-occurrence among the Striated Thornbill and the Brown Thornbill, the Striated Thornbill 310 and the Buff-rumped Thornbill, and the Buff-rumped Thornbill and the Yellow-rumped 311 Thornbill (Fig. 4) . There was a positive interaction between log patch size and the guild 312 member predictor species -the Striated Thornbill (p<0.005) and the Yellow-rumped 313 Thornbill (p=0.03). As the numbers of the Striated or Yellow-rumped Thornbill increased, 314 the conditional recording frequency of the Buff-rumped Thornbill decreased in small patches 315 but increased within large patches. There was no evidence of a reciprocal interaction for 316 either the Striated or Yellow-rumped Thornbill. We note that both the Brown Thornbill and 317 the Buff-rumped Thornbill, and the Striated Thornbill and the Yellow-rumped Thornbill 318 exhibited no evidence of co-occurrence. 319
Honeyeaters 320
Although the paired regression coefficients were not significant for the honeyeaters 321 (indicating co-occurrence), we found weak evidence that the probability of occurrence of the 322 White-plumed Honeyeater was reduced when the Yellow-faced Honeyeater was present 323 (p=0.064, Fig. 2 ) and that the conditional recording frequency of the Yellow-faced 324
Honeyeater decreased as the conditional recording frequency of the White-plumed 325
Honeyeater increased (p=0.013). In this study, we have examined a topic that lies at the intersection of these two 347 substantial arenas of ecological research by exploring co-occurrence among closely related 348 (intra-guild) sets of bird species in a landscape subject to major and rapid change. The existence of positive or negative co-occurrence varied among some sets of species and 356 also between species within the same guild, including for those cases where three or more 357 taxa were considered. 358
An interesting result of our investigation was an interaction between patch size and 359 recording frequency for the members of two bird guilds; with the conditional recording 360 frequency of one species in a group increasing with increasing frequency of another member 361 of the guild in large patches, but decreasing with increasing frequency in small patches. Thus, 362 the answer to our second question posed at the outset of this study -Does the influence that 363 one species has on the presence of another change with patch size? -also was yes, albeit not 364 for all species. We further discuss these and other findings in the remainder of this paper. 365
Broad kinds of co-occurrence 366
Positive co-occurrence patterns 367 A key aim of our study was to explore the types of co-occurrence among species in the 368 same guild in a rapidly transforming landscape, while at the same time controlling for other 369 factors which can influence species like time since landscape transformation commenced, 370 patch size and vegetation type. This novel environmental and habitat filtering approach 371 provided evidence of positive co-occurrence in three groups -the rosellas, flycatchers and 372 thornbills. For example, the probability of occurrence of the Eastern Rosella increased 373 significantly when the Crimson Rosella was present and the reverse (i.e. reciprocal) pattern 374 also was present. That is, the probability of occurrence of both species was positively 375 influenced by the presence of the other in the respective, paired models. Similarly, the 376 . This is particularly true for a species that is 397 very similar to itself (Seppänen et al. 2007 ) as occurs for many of the intra-guild members 398 examined in this investigation. However, a novel feature of our study was to explore patterns 399 of co-occurrence while accounting for habitat and environmental variables. This was 400 important as two species within a guild may co-occur because of similar habitat requirements 401
